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(57) ABSTRACT

A navigation system includes an input device for inputting
a destination, a current location detector for detecting cur-
rent location of the vehicle, a camera for 1maging an area to
the rear of the vehicle, a route search program for searching
for a route to the destination and a controller for providing
cuidance along the route determined by the route search.
The controller controls the 1maging by the camera according
to route guidance information and determines whether a lane
change 1s required 1n accordance with information obtained
from the 1mage. When 1t 1s determined that a lane change 1s
required, the traffic situation in the vicinity surrounding the
vehicle 1s recognized and guidance for the lane change 1s
provided.

6 Claims, 9 Drawing Sheets

[ INFORMATION
STORAGE
MEANS

CENTRAL CONTROL UNIT

RECEIVER UNIT



US 6,944,538 B2

Sheet 1 of 9

Sep. 13, 2005

U.S. Patent

SNVIN
JOVHOLS

NOLLVWYOANI

L9l

1INN ¥3A3D3Y 30IA3Q
JYILLASNVYEL NOLLYWHOANI 1NdLNO 9

1INN TO4INOO TVHINID

_ SNV3N 108INOD _,
¢l
4 SNVIN HOYV3S 31N0d _

o

40193130 NOLLYI0T ININNND

V4INVD



U.S. Patent Sep. 13, 2005 Sheet 2 of 9 US 6,944,538 B2

ROAD NUMBER 1

THE NUMBER OF ENTRY LANES = 3
THE NUMBER OF TURN LANES AMONG ENTRY LANES = 1

ENTRY ROAD | EXIT ROAD
NUMBER | NUMBER RUNNING LANE
NOT | NoOT
' APPROVED | \ppROVED | APPROVED
T (ol
NOT | NOT
— APPROVED | APPROVED

ROAD NUMBER 2
THE NUMBER OF ENTRY LANES = 2

THE NUMBER OF TURN LANES AMONG ENTRY LANES = 0

ENTRY ROAD | EXT ROAD
NUMBER NUMBER RUNNING LANE

APPROVED | APPRGVED

NOT

NOT
APPROVED

APPROVED
ROAD NUMBER 3

THE NUMBER OF ENTRY LANES = 3

THE NUMBER OF TURN LANES AMONG ENTRY LANES = 0

ENTRY ROAD EXIT ROAD
NUMBER NUMBER RUNNING LANE

I
N NN

FIG.2



U.S. Patent Sep. 13, 2005 Sheet 3 of 9 US 6,944,538 B2

|
ML

RN SN

(ST ™ &Y -~
SN
i L@ 9
o LL.
-

e gy e S S

| IF




U.S. Patent Sep. 13, 2005 Sheet 4 of 9 US 6,944,538 B2

THE TRAFFIC LANE
IS RECOGNIZED BY
THE CAMERA
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NAVIGATION APPARATUS, NAVIGATION
SYSTEM AND NAVIGATION METHOD
PROVIDING GUIDANCE FOR LANE
CHANGLES

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority under 35 USC
119, of Japanese Patent Application No. 2003-428448 filed
on Dec. 24, 2003, the teachings of which, including the
specification, drawings and abstract, are incorporated herein
by reference 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a navigation apparatus
providing guidance for traffic lane changes.

2. Description of the Related Art

In conventional vehicle navigation apparatuses, a route to
a destination 1s determined by search and guidance i1s
provided to assist travel along the determined route. At an
intersection or a branch point, guidance, such as turning
right or turning left, 1s provided for following the determined
route. A system which announces a right turn lane and/or a
left turn lane 1s disclosed, for example, 1n Japanese Unex-
amined Patent Application Publication No. 62-093617.
Other related art photographs the road surface ahead of the
vehicle using a camera and an i1mage, such as an arrow
painted on the road surface which shows branching, 1s
processed to recognize the traffic lane 1n which the vehicle
1s traveling, and recommends a lane chance 1f appropriate, as

disclosed, for example, in Japanese Unexamined Patent
Application Publication No. (“Kokai”) 10-281795.

However, with conventional vehicle navigation systems,
drivers had to judge the current traffic situation since traffic
lanes were not recognized at an intersection and/or branch
point where the vehicle 1s to change lanes. With the appa-
ratus disclosed in Kokai 10-281,795, to prompt traffic lane
changes, the camera photographs the road surface in front of
the vehicle, and traffic lanes are recognized. However, as the
vehicle changes lanes, the system does not recognise
whether or not another vehicle 1s approaching from behind,
thus leaving the driver with the burden of determining the
timing for a tratffic lane change.

SUMMARY OF THE INVENTION

In view of the above problem, an object of the present
invention 1s to provide a navigation system which ecases the
burden of changing lanes, taking into consideration the
trathic situation surrounding the vehicle.

To achieve the above object, the present invention pro-
vides a navigation apparatus mounted in a vehicle compris-
Ing 1maging means for imaging an area to the rear of the
vehicle, mput means for nputting a destination, current
location detection means for detecting the current location,
route search means for searching for a route up to the
destination mput by the input means, and control means for
providing guidance for the route determined by the route
scarch means. The control means controls the 1maging by
the 1maging means 1n accordance with route guidance infor-
mation, and determines whether lane changes are required
according to mformation obtained from the imaging. Fur-
ther, when 1t 1s determined that a lane change is required,

10

15

20

25

30

35

40

45

50

55

60

65

2

road mformation for the vicinity of the vehicle 1s recognized
and guidance for the lane change 1s provided.

In the present invention, guidance for changing to the
proper lane 1s provided by recognising the traffic situation in
the vicinity of the vehicle. Accordingly, the navigation
apparatus aids a driver in changing lanes by advising the
driver of the proper timing for changing to the proper lane.

The present mnvention also provides a method for guid-
ance 1n changing lanes. The method includes imaging, by
use of a camera, an area to the rear of the vehicle to obtain
an 1mage. The method further includes mputting a destina-
fion, detecting current location of the vehicle and searching
for an optimum route to the destination. The 1imaging by the
camera 1s controlled 1n accordance with route guidance
information for the optimum route as determined by the
scarch. The method further includes determining whether or
not a traffic change 1s required in accordance with informa-
fion obtained from the 1mage and, when 1t 1s determined that
a lane change 1s required, recognizing a traffic situation 1n a
vicinity surrounding the vehicle and providing guidance for
a lane change.

In a preferred embodiment the method also includes
determining, from the 1mage, whether or not another vehicle
1s currently traveling in the lane 1nto which the vehicle has
been directed by the guidance for a lane change and, if
another vehicle 1s so present, adding warning information to
the guidance information.

Determining whether or not a traffic lane change 1s
required may include a determination of the lane in which
the vehicle 1s currently traveling by comparing information
obtained from the image with the route guidance informa-
tion, 1.€., matching information from the 1mage with a lane
identified by stored data. A ftraffic lane change may be
indicated 1n a case where 1t 1s determined that the vehicle 1s
currently traveling in a lane which 1s not a lane designated
for the optimum route.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a navigation apparatus
according to a first embodiment of the present invention.

FIG. 2 1s a diagram showing data structure of traffic lane
information.

FIG. 3 1s a diagram further illustrating data structure of
traffic lane information.

FIG. 4 1s a diagram illustrating guidance for a case where
branching of a lane 1s encountered by the vehicle.

FIG. 5 1s a diagram illustrating guidance for a lane
change.

FIG. 6 1s a diagram 1llustrating guidance when the vehicle
1s traveling 1n a traffic lane other than a tratfic lane 1in
accordance with the route determined by search.

FIG. 7 1s a diagram 1llustrating guidance when another
vehicle 1s traveling toward the area of a lane which 1s the
objective of the intended lane change.

FIG. 8 1s a diagram 1llustrating guidance when there 1s no
other vehicle soon to enter the area which the vehicle will

enter upon making the lane change.

FIG. 9 1s a flow chart of a routine for providing guidance
at a lane branch point.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present will now be
described 1n detail with reference to the drawings.
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FIG. 1 shows the first embodiment of the present inven-
tion as including: an mnput device 2 for inputting information
relevant to route guidance, such as a place of departure and
a destination; a camera 3 for photographing to the rear of the
vehicle and for recognizing the traffic situation in the near
vicinity immediately surrounding the vehicle and the traffic
lane 1n which the vehicle 1s running; a current location
detector 4 for obtaining information relevant to the current
location of the vehicle; an information storage device § in
which are stored data such as map data, navigation data
necessary for searching for a route and display/voice guid-
ance data necessary for providing guidance along the route,
and programs (application and/or OS) for displaying a map,
scarching for a route and providing guidance such as voice
cguidance. The navigation apparatus further includes a cen-
tral processing unit 1 comprising route searching means 11
for searching for a route to the destination input by the input
device 2 and control means 12 for setting a detection range
of an obstacle sensor according to route guidance informa-
tion. The control means 12 serves as a navigator-processing
means for generating a map display and display/voice guid-
ance for providing the necessary route guidance, controlling
the overall system. Output device 6 includes a display and
a speaker for outputting information as voice route guid-
ance. Information transmitter/receiver unit 7 transmits and
receives 1nformation such as road information and traffic
information which relate to the travel of the vehicle, detects
parameters relevant to the current location of the vehicle and
transmits and receives information relevant to the current
location.

In the first embodiment, the camera 3 1s installed 1n the
rear of the vehicle for showing the driver a view to the rear
of the wvehicle, which view 1s useful to the driver, for
example, when the driver parks his/her vehicle 1n a garage.
The tratfic lane 1n which the vehicle 1s running may be
recognized utilizing information from the 1mage of the road
surface obtained with the camera. Further, that image shows
the traffic situation, including approach of other vehicles
from behind the vehicle. In the first embodiment, the camera
is controlled by the control means 12 so that a view (image)
to the rear of the vehicle 1s obtained when the vehicle crosses
a lane guidance line set for the route.

FIG. 2 shows an example of data structure of traffic lane
information included in road attribute data stored 1n an
information storage device 5. For example, with the road
shape shown by way of example 1n FIG. 3, roads, approach
routes and return routes respectively are numbered from 1 to
7. Road 1 1s shown as having three entry lanes. The arrows
in the leftmost lane indicate “left turn or go straight™, that in
the middle lane indicates “go straight” and that in the
richtmost lane indicates “right turn only”. When a vehicle
turns left from the road 1 and enters road 2 (from entry road
1 to exit road 2), the guidance running lane for road 1 is the
leftmost lane.

Data structure of tratfic lane information for such a road
shape, as shown 1n FIG. 2, consists of a road number, the
number of entry lanes, the number of turn lanes included
among the entry lanes and the entry road number and the exat
road number correlated with running-lane information. The
turn lanes mcluded among the entry lanes may be dedicated
exclusively to left turn and right turn. Travel lane 1nforma-
fion 1s stored for an entry lane 1 order to provide guidance
for connecting to the proper exit road.

For example, when the vehicle turns left from road
number 1 to a road number 2, only the leftmost lane of road
number 1 i1s available for turning left. The middle lane and
the rightmost lane are not available for turning left. Accord-
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ingly, the running-lane information 1s stored as “approved”
for the left lane, “not approved” for the middle lane and “not
approved” for the rightmost lane. Similarly, when the
vehicle goes straight from road number 1 to road number 3,
the leftmost lane and the middle lane are available for going
straight. The rightmost lane 1s not available for going
straight because 1t 1s a right-turn-only lane. Accordingly,
running-lane information is stored as “approved” for the
leftmost lane, “approved” for the middle lane and “not
approved” for the rightmost lane.

By using such a data structure for traffic lane information,
for example, when the proscribed route has the vehicle
turning left from the road 1 and onto road 2, only the
left-turn arrow of the leftmost lane may be displayed for
guidance.

The guidance routine, making use of the camera, for
turning at a branch point will now be described. In the
description below, a “target lane” 1s a traffic lane 1nto which
the vehicle moves 1n order to stay on the “searched route”.
In the first embodiment, information for the traffic lane in
which the vehicle 1s currently traveling i1s obtained by the
camera 3 by imaging the area to the rear of the vehicle. The
obtained traffic lane information and traffic lane information
data shown 1n FIG. 2 and FIG. 3 are compared to determine
whether or not the vehicle i1s currently traveling in the
optimal traffic lane for the route. If not, at an optional
position on the route, guidance 1s provided so that the
vehicle can change from the traffic lane 1n which 1t 1s
currently traveling to the optimal tratfic lane. A routine for
providing guidance for the traffic lane change 1s described
below.

FIG. 4 illustrates an example wherein the route travelled
by the vehicle has three traffic lanes in one direction. In this
example, as shown by arrow A, when the vehicle changes
lanes, 1nto the lane for right turn only, the vehicle moves to
the right. In the navigation apparatus, a guidance-indication
line 30 is set as route guidance information (in memory) for
cach intersection and/or branching point on the guided route.
When the vehicle 20 passes the guidance-indication line 30,
a voice message “Three-hundred meters ahead, please move
one lane to the right”, for example, 1s announced. In the first
embodiment, a lane guidance line 31 1s set as route guidance
information 1n advance of the guidance-indication line 30.
When the current-location detector 4 detects that the vehicle
20 has passed over the lane guidance line 31, control of the
camera 3 by the control means 12 1s mitiated. Further, in
order to recognise the traffic lane 1n which the vehicle is
traveling and the traffic situation, a rear view area 21
including adjacent traffic lanes 1s 1maged.

Based on an 1mage of the area of the lane guidance line
31 shown 1n FIG. 4, it can be determined that the vehicle 20
1s traveling the middle lane which 1s not the proper lane for
ouidance. Next, since a lane change 1s required, 1t 1s deter-
mined whether or not there are other vehicles 1n the traffic
lane which the vehicle must enter 1n proceeding ahead. In
this example, as represented by the arrow shown 1n FIG. §,
a directional guidance 1image 22 directing a lane change to
the right 1s displayed on a screen of the navigation apparatus,
since the vehicle must move 1nto a turn lane for a right turn
only.

FIG. 6 1s a diagram 1illustrating guidance generated when
the vehicle 1s traveling 1n a lane other than that intended by
the guidance.

From the image of the area of the lane guidance line 31
shown 1n FIG. 4, 1t can be determined that the vehicle 20 1s
traveling 1n the traffic lane to the right of the lane for which
cguidance 1s provided. Since the vehicle need not change
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lanes, guidance for branching, for example, a voice message
“the vehicle 1s approaching a branching point, please pro-
ceed to the right with care.” 1s announced. A “branching
point” 1s point where a lane, €.g. a turn lane, branches off
another lane, e.g., the lane 1n which the Vehlcle 1s currently
traveling,

As shown m FIG. §, in order to change lanes, it 1s
confirmed whether or not other vehicles are 1 the lane into
which the vehicle 1s to move ahead in following the guid-
ance route. FIG. 7 shows the case where another vehicle 40
1s located 1n the traffic lane to the right side in the rearward
image obtained by the camera. Since another vehicle 40 1s
located 1n the tratffic lane ahead into which the vehicle 1s to
move, a warning 1S 1ssued as one 1tem of guldance for
example, a voice message “the vehicle 1s commg up to the
branching point. Another vehicle 1s traveling in the traffic
lane to your right. Please proceed 1nto the traffic lane to your
right side with care.” 1s announced.

As shown m FIG. §, in order to change lanes, it 1s
confirmed whether or not other vehicles are 1 the lane into
which the vehicle 1s to move ahead in following the guid-
ance route. FIG. 8 shows the case where no vehicle 1s shown
in the 1image of the traffic lane to the right side. Since no
other vehicle 1s located 1n that lane to the right where the
vehicle 1s to change in accordance with direction guidance
“the vehicle 1s coming to the branching point. Please pro-
ceed 1nto the traffic lane to the right with care”, for example,
1s announced.

In the guidance routine executed when the vehicle 1s to
switch lanes at a branching point ahead, as 1llustrated in FIG.
9, first 1t 1s judged whether the vehicle 1s located near a
traffic lane change guidance line set on the route (step S1).
When the vehicle passes the traffic lane change guidance
line, the traffic lane 1n which the vehicle 1s traveling is
recognized in the image from the camera (step S2). After
recognition of the travel lane, 1t 1s then judged whether or not
the travel lane 1s the recommended traffic lane 1n view of
route information and traffic lane information data (step S3).
When the travel lane, 1.e., the lane 1n which the vehicle 1s
traveling, 1s the recommended trath

1c lane, 1.€., 1n accordance
with the guidance route, lane change 1s not required. Accord-
ingly, the routine proceeds directly to guidance for a lane
branching point (step S4). On the other hand when at step
S3, the vehicle 1s not traveling 1 the recommended traffic
lane, a lane change 1s required and it 1s determined whether
or not other vehicles are located where the vehicle 1s to
change lanes ahead (step S5). When other vehicles are
located in the vicinity of the vehicle and in the lane into
which the vehicle 1s to move in a lane change ahead, a
warning 1s 1ssued announcing that other vehicles are located
in the lane where the vehicle 1s to proceed by a lane change
ahead (step S6). When other vehicles are not located where
the vehicle 1s to proceed by changing lanes ahead, only
traffic lane change guidance is provided (stepS7).

The present mmvention offers the advantage of facilitating
changing traffic lanes and facilitating the switching of a
route 1n consideration of the traffic situation in the vicinity
surrounding the vehicle.

The 1nvention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be con-
sidered 1n all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.
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What 1s claimed 1s:

1. A navigation apparatus for mounting 1n a vehicle
equipped with a camera for imaging to obtain an 1mage of
an area to the rear of the vehicle, said navigation apparatus
comprising:

input means for mputting a destination;

current location detection means for detecting current

location of the vehicle;

route search means for searching to determine a route to
the destination input by the input means;

control means for providing guidance to assist a driver to
follow the determined route, for controlling the 1mag-
ing by the camera according to route guidance infor-
mation for the determined route, for determining
whether or not a ftraffic lane change 1s required in
accordance with information obtained from the image,
and when 1t 1s determined that a lane change i1s
required, for recognizing traifi

IC 1n a vicinity surround-
ing the vehicle and providing guidance for a lane
change.

2. A navigation apparatus according to claim 1, wherein
said control means adds warning information to the guid-
ance information when 1t 1s determined from the 1mage that
another vehicle 1s currently traveling in the lane into which
the vehicle would move by the lane change.

3. A navigation system for providing guidance to assist a
driver of a vehicle, said navigation system comprising:

a camera for 1maging to obtain an 1image of an area to the
rear of the vehicle;

input means for mnputting a destination;

current location detection means
location of the vehicle;

for detecting current

route search means for searching to determine a route to
the destination mput by the imput means;

control means for providing guidance to assist a driver to
follow the determined route, for controlling the 1mag-
ing by the camera according to route guidance infor-
mation for the determined route, for determining
whether or not a ftraffic lane change 1s required in
accordance with information obtained from the image
and when 1t 1s determined that a lane change i1s
requlred for recognizing traffic 1n a vicinity surround-
ing the vehicle and providing guidance for a lane
change.

4. A navigation apparatus according to claim 3, wherein
said control means adds warning information to the guid-
ance information when 1t 1s determined from the 1mage that
another vehicle 1s currently traveling in the lane into which
the vehicle would move by the lane change.

5. A navigation method including provision of guidance
for lane changes, said method comprising:

imaging an area to the rear of the vehicle to obtain an
1mage;

inputting a destination;

detecting current location of the vehicle;

scarching a database including route guidance informa-
tion to determine a route to the destination;

controlling the imaging by the camera 1n accordance with
route guidance information for the determined route;

determining whether or not a ftraffic lane change 1s
required 1n accordance with information obtained from
the 1mage;
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when 1t 1s determined that a lane change 1s required, where 1t 1s determined that another vehicle 1s traveling in
recognizing a traific situation in a vicinity surrounding the lane into which the vehicle 1s directed by the
the vehicle and providing guidance for a lane change. cuidance for a lane change, adding warning informa-
6. The method of claim § additionally comprising: tion to the guidance information.

determining from the i1mage whether or not another 5
vehicle 1s traveling 1n the traffic lane 1nto which the
vehicle 1s directed by the guidance for lane change; and S I
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